Genetic polymorphism of human 8-oxoguanine glycosylase 1 (hOGG1) has been reported to have a relationship with the risk of the development of various cancers. Many studies have described the influence of Ser326Cys polymorphism of the hOGG1 gene on cancer susceptibility. However, the results have remained inconclusive and controversial. Therefore, we performed a meta-analysis to more precisely determine the relationship between the hOGG1 polymorphism and the development of cancer.
INTRODUCTION
Cancers are serious problem around the world and complex, multistep, multifactorial, and highly fatal diseases. The environment and genetic inheritance have been known as risk factor in development of cancer [1] . Several recent studies focused on the genetic background and how the single nucleotide polymorphism (SNP) of specific genes, including DNA damage, can enhance cancer susceptibility [2] .
DNA damage plays an important role in tumor development. Reactive oxygen species (ROS) increases damage to DNA and causes miscoding by DNA polymerase [3] . The level of ROS in tissue DNA reflects a balance between the rate of damage and repair. Abnormal balance results in DNA mutations that can activate oncogenes or inactivate tumor suppressor genes, which leads to cancer [4] . The base excision repair (BER) pathway is one of the DNA repair process. An important role of BER is to remove DNA damage caused by various carcinogens, such as ionizing radiation or reactive oxidative species [5] . BER has also evolved to cope with mutagenic and cytotoxic hydrolytic, oxidative, and alkylation damages. A relationship of BER to cancer progression has been drawn from the observation that mutations or altered expression in BER genes [6] .
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The hOGG1 is a DNA repair enzyme that excises 7,8-dihydro-8-oxoguanine (8oxoG) from DNA. The hOGG1 is located on chromosome 3p26, a vital member of the BER pathway, and encodes 8-oxoguanine glycosylase that is a key enzyme in the repair of 8-oxoguanine [7] . ROS can lead to mutagenic base 8oxoG formation in DNA and carcinogenesis [8] . Since 8oxoG is a highly mispairing lesion, it was suggested that decreased hOGG1expression level could lead to a higher background mutation frequency and could possibly increase the cancer risk of an individual under oxidative stress [7] .
Many previous studies showed the relationship between the Ser326Cys polymorphism of hOGG1 gene and cancer susceptibility. Meta-analysis on the hOGG1 polymorphism and the risk of bladder cancer shows no statistically significant association [9] . The meta-analysis on breast cancer suggested that the allele of hOGG1 326Cys plays a protective effect in European women but not in different menopausal status (premenopausal and postmenopausal) or the other ethnicities (Asians and Americans) [10] . The hOGG1 polymorphism may be also contributed to the susceptibility of digestive cancers [11] , colorectal cancer [12] , esophageal squamous cell carcinoma [13] but shows a lack of association in gastric cancer [14] . In addition, the hOGG1 polymorphism is associated with hepatocellular carcinoma [15] , head and neck cancer [16] , and prostate cancer [17] , not with lung cancer [18] .
Meta-analysis study in 2011 year reported that the evidence of the association between the hOGG1 polymorphism and cancer risk [19] . Since 2011, many studies reported the relation between the hOGG1 polymorphism and various cancer risks. However, the results have not been updated yet. Therefore, the purpose of this meta-analysis is to update previous meta-analysis with the aim of elucidating the association of the hOGG1 polymorphism and risk of cancer.
RESULTS
In present study, we performed the meta-analysis to assess relationship between the hOGG1 polymorphism and risk of cancer. We collected the genetic data from electronic databases. The search strategy used for this meta-analysis is shown in Figure 1 . We examined the 577 articles and 442 articles were excluded as they were unrelated articles or duplicated studies. Among them, 19 studies were excluded because they were not consistent with Hardy-Weinberg equilibrium (HWE). After 116 articles were selected, 11 studies about the hOGG1 polymorphism since 2012 were added. Finally, a total of 127 genetic studies about the hOGG1 polymorphism and cancer were analyzed for meta-analysis (Supplementary Table 1 ) [5, . Supplementary Table 1 shows basic characteristics of the analyzed studies. The total 88,934 individuals comprised of 38,757 cancer patients and 50,177 control subjects. The types of cancers were including colorectal (18 articles), lung (28 articles), breast (16 articles), bladder (4 articles), gallbladder (2 articles), prostate (7 articles), gastric (13 articles), esophageal (10 articles), head and neck (8 articles), hepatocellular cancers (7 articles), and etc. Table 2 ). According to the type of cancer, risk of lung, breast, and head and neck cancers was associated with the hOGG1 polymorphism (p<0.05, Table 2 ). In Caucasian population, analysis of allele Table 3 ). According to type of cancer, risk of colorectal, esophageal, and head and neck cancer was associated with the hOGG1 polymorphism (p<0.05, 
DISCUSSION
It was suggested that cancer susceptibility could result from the interaction of genetic background. Exposure and reductions in DNA repair capacity by common genetic variation affect cancer predisposition [6] . The hOGG1 is generally involved in DNA repair, and has been studied extensively on its relationship with various types of cancer. Low OGG activity in peripheral blood mononuclear cells increases risk of lung cancer [144] . Also, lower expression of hOGG1 mRNA and hOGG1 protein decreases mitochondrial DNA repair to oxidative damage in lung cancer cells [145] . Immunohistochemical expressions in diffuse-type adenocarcinoma of gastric cardia showed lower expression of OGG1, which 
G, C/C vs. C/G+G/G, and C/C+C/G vs. G/G in all population).
related to higher T-stage, lymphatic invasion, and lymph node metastasis [146] . A previous study on lung cancer patients showed a close relationship between Ser326Cys polymorphism and OGG1 mRNA levels [57] . The Ser326Cys polymorphisms have been shown to be associated with delayed repair of oxidative DNA damage [147] . In a recent study, changes in the functional and structural characteristics of the hOGG1 protein by the Ser326Cys polymorphism using in silico computational biology tools have been reported. According to this study, hOGG1 326Cys variant is smaller and more hydrophobic than wild type, which can have deleterious effects on the function of the hOGG1 protein. And this variant has been found to be closely related to breast cancer [143] . Although the relationship between hOGG1 expression and cancer risk and the Ser326Cys hOGG1 polymorphism and the expression of OGG1 has been reported, the results of previous genetic studies on the relationship between hOGG1 polymorphism and various cancers risks were conflicting and contradictory. This meta-analysis was performed to provide a quantitative approach to for the different results. Meta-analysis on the hOGG1 polymorphism and the risk of bladder cancer, gastric cancer, and lung cancer shows no statistically significant association. But the other meta-analysis reported that the hOGG1 polymorphism may contribute to the susceptibility of digestive cancers, breast cancer, colorectal cancer, esophageal squamous cell carcinoma, hepatocellular carcinoma, head and neck cancer, and prostate cancer. Among the previous metaanalysis studies, inappropriate data was included in the analysis. Therefore, there was error. For example, Zhu et al. 2012 investigated whether the hOGG1 polymorphism was associated with prostate cancer using meta-analysis [17] . The meta-analysis included genotype data of rs3218997 SNP of OGG1 that reported by Agalliu et al. 2010 [148] . Because rs3218997 SNP is different from Ser326Cys of hOGG1, the genetic data had to be excluded for the exact meta-analysis. In addition, some previous studies included articles which were not consistent with HWE. We evaluated HWE in all the articles, some articles were excluded. So, we performed this meta-analysis to combine and update from the different results.
In present study, total of 126 genetic studies about the hOGG1 polymorphism and cancer were analyzed for meta-analysis. Significant relationship between the hOGG1 polymorphism and overall cancer risk was found. In subgroup analyses by cancer types, the significant association between the hOGG1 polymorphism and colorectal, lung, prostate, and head and neck cancer risk was detected. In addition, in subgroup analyses by ethnicities, we found that the hOGG1 polymorphism was significantly associated with overall cancer risk in both Caucasian and Asian population. But there was a little different result between Asian and Caucasian population. In Asian population, lung, breast, and head and neck cancer showed a relation with the hOGG1 polymorphism but in Caucasian population only head and neck cancer showed. On the other hands, an association with colorectal cancer and esophageal cancer was only shown in Caucasian population. Some our results were consistent with or contrary to previous meta-analysis. Overall cancer risk and the hOGG1 polymorphism was significantly associated in our results (allele, p<0.001; dominant, p=0.004; recessive, p<0.001) and previous study showed similar result [19] . Results of previous meta-analysis on lung cancer were different from our present results [18] . Our results showed the statistically significance in lung cancer (allele and recessive model in overall analysis, allele, dominant, recessive model in Asian). It is seemed that it is because the previous study included some articles which were not in HWE in their meta-analysis. Meta-analysis on colorectal cancer was consistent with ours [12] . The hOGG1 polymorphism had a connection with the colorectal cancer risk among the total population, and especially among Caucasians. One meta-analysis on breast cancer reported the association between the hOGG1 polymorphism and breast cancer risk [10] but another study suggested a lack of association [149] . Our meta-analysis showed the different results. An association between the hOGG1 polymorphism and breast cancer risk was found only in Asian population (allele, p=0.019; recessive model, p=0.026). Not only previous meta-analysis on bladder, gallbladder, and gastric cancer risk but also our present meta-analysis showed no statistically significance [9, 11, 14] . Zhang et al. reported the relation between the hOGG1 polymorphism and esophageal cancer risk [13] but meta-analysis by Wang showed no association [11] . In our study, an association between the hOGG1 polymorphism and esophageal cancer risk was found in dominant model in Caucasian population (p=0.013). Previous meta-analysis reported that the hOGG1 polymorphism had a relation to hepatocellular cancer [15] . However, we could not find an association in any model. The results of previous meta-analysis on prostate cancer consisted with ours [17] but we could not find any association in Caucasian population and some studies influenced the results according to sensitivity analysis. Similar to previous study, our study showed the relation between the hOGG1 polymorphism and head and neck cancer [16] . But recessive model in all population analysis showed publication bias and several results except for allele and dominant model in all population analysis and dominant model in Asian population analysis were influenced by some studies according to sensitivity analysis.
From dbSNP database, The C and G allele frequencies have been reported to be 0.776 and 0.224 in European, 0.500 and 0.500 in Chinese, 0.477 and 0.523 in Japanese, and 0.856 and 0.144 in Sub-Saharan African populations, respectively. And the CC, CG and GG genotype frequencies have been reported to be 0.621, 0.310, and 0.069 in European, 0.244, 0.511, and 0.244 in Chinese, 0.182, 0.591, and 0.227 in Japanese, and 0.746, 0.220, and 0.034 in Sub-Saharan African populations, respectively. In our results, the C and G allele frequencies have been reported to be 0.762 and 0.238 in Caucasian and 0.484 and 0.516 in Asian. And the CC, CG and GG genotype frequencies have been shown to be 0.584, 0.356, and 0.060 in Caucasian and 0.246, 0.477, 0.277 in Asian. We found that the genotype and allele frequencies in Caucasian and Asian showed significant difference, which might affect the roles of the hOGG1 polymorphism on cancer risk in Asians and Caucasians.
This meta-analysis has several limitations. Our results showed the genetic difference and different cancer risks in ethnicity but included studies regarded only Caucasians and Asians, but not other races like African. Because of limited data, we simply divided the ethnicity into Asian and Caucasian. The genetic heterogeneity plays an important role in the carcinogenesis but it is an interaction between environment factors and genetic background. This analysis could not reflect environmental exposures. And there were considerable inadequate data in previous studies, especially in meta-analysis. We had examined the included articles as many as possible such as HWE or data in the article but there could be still omitted data. And several results showed significant associations but revealed publication bias.
CONCLUSIONS
In spite of some limitations, this meta-analysis could provide the evidence of the strong association between the hOGG1 polymorphism and cancer risk. In summary, G allele of Ser326Cys polymorphism might play a role in the carcinogenesis and the genotype and allele frequencies difference makes the ethnicity difference in carcinogenesis. If further study with large sample size in diverse ethnic populations were performed, it would provide more precise understanding of the association between the hOGG1 polymorphism and various cancer risks. This SNP could be a candidate of biomarker for cancer screening, diagnosis, and therapy in the future.
MATERIAL AND METHODS

Search strategy
In order to select eligible studies about the hOGG1 polymorphism and cancer, electronic database including Pubmed, Embase, google of scholar, and KISS were investigated up to April 2015. We searched meta-analysis study about the hOGG1 polymorphism and also searched the association study between the hOGG1 polymorphism and risk of cancer. The keywords to find these studies were following: "8-oxoguanine DNA glycosylase", "hOGG1", or "DNA repair gene", AND "polymorphism", "polymorphisms", or "variant" AND "Ser326Cys" AND "cancer or carcinoma", or "meta analysis". The previous meta-analysis studies about the hOGG1 polymorphism and cancer were considered as reference.
Inclusion criteria and data extraction
Selected studies were included in the meta-analysis if they met the following criteria: (1) Investigated the association study between the hOGG1 polymorphism and cancer; (2) A comparison between cancer and control; (3) Included genotype and allele distributions of Ser326Cys polymorphism for genetic analysis. The data of first author's name, year of publication, country of origin, ethnicity of study population, sample size of cancer and control, and genotype frequencies of the hOGG1 polymorphism in cancer and control were extracted from the final selected studies. The allele distributions were calculated from genotype distributions in the cancer group and the control group. The ethnicity was divided into Asian and Caucasian.
Statistical analysis
HWE in all include studies was tested by the Chisquare test. Meta-analysis was performed using the Comprehensive Meta-analysis software. The pooled p value, OR, and 95% CI were used to assess the strength of association between risk of cancer and the hOGG1 polymorphism. All the results were re-analyzed to see the effect of each paper on the final results by sensitivity analysis. The meta-analysis was repeated while omitting each study one at a time to examine the influence of each study on the pooled OR. For the regression analysis in this meta-analysis, the random effects model or the fixed effects model was used. OR with the corresponding 95 % CI was calculated for the dominant model (C/C + C/G genotypes vs. G/G genotype) and recessive model (C/C vs. C/G + G/G genotypes), and allele (C vs. T), respectively [150, 151] . The p<0.05 was regarded as statistically significant. A χ2-test-based Q statistic test was used to assess heterogeneity among studies. We also performed the effect of heterogeneity by I 2 test. The random-effects Mantel-Haenszel method was adopted if the result of the Q test was p<0.05 or I 2 statistic was >50 %, which indicated the statistically significant heterogeneity between the studies. Otherwise, the fixed-effects MantelHaenszel method was adopted. When more than 3 studies were included, Begg's funnel plot and Egger's test were performed to evaluated publication bias. 
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